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Following sheets are distributed,
- ARG 118 GRHEAEBR<) /11 of question sheets (except this cover sheet)
- R MR 14 B /14 of answer sheets

fRAMMRICIE, MEES L RRESOALZTLAL, RAZEVTELELEL, ZRESOLRN
Lo, Flo, KBEORADENTHLMEITEN L RDOTHET L &,

Write the question number of your answer and your examination identification number on the top

of each answer sheet. Do NOT write your name. If you don’t follow the directions, your answer will

be invalidated.

MEIT ST o MThd, FMEITT L, Bllx OfERRICEZ 52 &, MERRITEE T 14
*ﬁt&;é@f FRIEICR LT, HBOMERRZER L TH Zuv,

There are six (6) questions. Write the answer of each question on the different answer sheet(s). A set of
fourteen (14) answer sheets is given. You can use two (2) or more answer sheets for one question, if

necessary.
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Question 1 Answer the following questions regarding cantilevered beam. (Subtotal 45 marks)

B 1-1 1R H D REEREY S A RCEEICEE SN TWD, #4 AB (k& 20, #BF BC G
ME O, @ CD EHME O 1T, WbV 7RE EAMEERE G T, M 12 1R TBimafL
TWo, HHEGE 2> TS D AICEEME P AEHN L TRY, BMBEIEHTEIbDOLET S, U
TOMIZEZ S,

The cantilevered beam shown in Figure 1-1 is anchored to the wall at point A. Member AB (length: 2{), member
BC (length: £), and member CD (length: £) all have Young's modulus £ and shear modulus G, and have the cross
sections shown in Figure 1-2. A vertical load P is acting at point D, which is the free end, and the dead weight of

the member is assumed to be negligible. Answer the following questions.
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1-1 1-2
Figure 1-1 Figure 1-2

(1) LI, HMCDZHWMYHLTEX D, KIZCRBBEESILTND MM E LTS D ICEhE
HPMERILTWDbD L LLLE, M CDOWUEEZ, E, a, P, ( ZHVTRDALIV, 7272
L, BEHMHNONEIIER T 5 FH CD 2R S  OFMICHMERTE 5) bo L+ 5, (945)
Considering only the member CD as a suspension column fixed at the point C with a vertical load P acting at
point D, determine the amount of elongation of member CD using E, a, P and £. Note that the rigid zone at
joint shall be negligible (member CD can be assumed as a part of structural wire frame with the length £). (9

marks)

(2) O, WM BCERVHLTEZD, IICBABREESN TV HHELEE LT C AIZEETE

PHEHLTWDbDE LT s E, BROMITE—AL FOfE, BEW, 4 BC D C HOFRIE SR

DEN %, E, G, a, P, L ZHWTRDREI W, 72720, HMMMES Z &Ik o> TRITIZAEL S
)k LRI EECEZ 50T 5, (9 /)
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Considering only the member BC as a cantilever beam fixed at point B with a vertical load P acting at point C,
determine the value of the bending moment at point B, and the vertical displacement of point C of member BC
using E, G, a, P and (. Note that the geometrical axial forces caused by tilting of the member and rigid zone at

joint shall be negligible. (9 marks)

X 1-2 OWriE 2 A9 28 O, Wil ZRKHRE— A > hERDZRS . (9 47)
Determine the second polar moment of area of the member with the cross section shown in Figure 1-2. (9

marks)

ik AB ZHUD L TE XD, AFFHH AB O B RUZEEME P 3B L OMQ) TROHITE— 2 >
FRRLYE—A FELTEAL TS & X, B ROESAEN, 3LV, BAORINAE
E, G, a, P, L ZHWTRDAREWN, 12720, FMMAL Z LIZ X > TRITIICAE L 28 B L O
IR T 6D LT 5, (95)

Considering only the member AB which is assumed to be a cantilever beam fixed at point A with a vertical
load P and a torsional moment obtained in question (2) as a bending moment acting on point B, determine the
vertical displacement at point B and torsional angle at point B using £, G, a, P, and {. Note that the

geometrical axial forces caused by tilting of the member and rigid zone at joint shall be negligible. (9 marks)

- ISRT AR DR EMEY O D ISR T 2MET M OEN %, E, G, a, P, { ZHVTKR
DRI, 221, EMAMES 2 &Ik - TRMICAE T 28, AW, BIOHBIEEhZ
NEHTX2b0ET 5, (94)

Determine the vertical displacement at point D of the structure shown in Figure 1-1 using E, G, a, P, and (.
Note that the geometrical axial and shear forces caused by tilting of the member and rigid zone at joint shall be

negligible. (9 marks)



FIRE2 X 2 (R & 9 RENEREP OVER %517 2 NEE FHEZNE OIS & ERICET 5 Fiiofic
Bz X, TXTOEMOY o TIREBIZETH Y, F44(BD, DF, FG) & #E#4(AB, CD, EF) D Wrii ¥k
T—A L MIZTNENAE I TH D, MOEAWE L O MEITER L TRV, DX
B UTHD, i, HAWNTEIM ZREEHE D (2 [ER S5 A, @5 o9EY, $hiE AL
IFME, CbOBMAIIREIRY Z1E5m &5, EITRRIZT T, ZX TR OBRE
WHRTZ &, G750

Question 2

Answer the following questions regarding the stress and deformation of a statically indeterminate frame
subjected to a vertical force P. The Young’s modulus of all the members are £. The moment of inertia of the beam
members (BD, DF, and FG) and column members (AB, CD, and EF) are 4/ and 3/, respectively. The shear and axial
deformation of members is negligible. The node D is a hinge. Shear force is considered positive when it rotates the
member in a clockwise direction, tension is positive axial force, downward vertical displacement is positive, and
clockwise nodal rotation is positive. Include not only the final result but also your reasoning and calculation process

in the answer. (Subtotal 75 marks)

P
B AE] D 4E] F 4E] lG
L

3El 3El 3EI

A C E
m' ’ ) F
Va
My
L | L L

X 2 P
Figure 2 Plane Frame

(1) A FUTIBT DITTH, Vo, My 23RO &0 (15 170)
Determine the reaction forces Hy, V,, and M, at the point A. (15 marks)

Q) ZOFHEAEOHITE— A M, EABAK, @OKE#T. SRR 2 EEKTITRL,
HAWIK, ARIZOW TS R 2 &, (45 1)
Draw the bending moment, shear force, and axial force diagrams. Indicate the values at each node in the
diagram. The signs of the values of the shear and axial forces should be indicated. (45 marks)

(3) F RiOmRf & G fOgEA 2RO Ko (15 1)

Determine the angular displacement at the point F and the vertical displacement at the point G. (15 marks)
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Question 3  Answer the following questions related to steel structures. (Subtotal 55 marks)

FIRE 3-1 X 3-1 IR T L9018, fimE ST —2A 2 N2t 5 H BSE RIEE T 255525 %
%o B 3-1(IBAMHES ChGE) 2372058, X 3-10)FR P RISEHES ChEE) S0 A< HETH
%o Fiz, K3-1(c)EX 3-1(b) D L BRI OB A 2R LT D, SRR 7 BT (3-1) U d
LBV TH D,
M —C \/ﬂ“EII:EIW . ﬂzEjiGJT (3-1)

Z 2T, EL : 3058k ) O RE, EL O C ORI, GJr: 2o o, I SEAEEITX
MES, C:E—XA v MEEFETH S,

WOBMIE Z &, (40 47)
Question 3-1 Consider the lateral buckling of an I-shaped beam subjected to a distributed load and a bending

moment, as illustrated in Figure 3-1. Figure 3-1(a) depicts a case without lateral bracing (sub beam), while Figure 3-
1(b) shows a case where lateral bracing (sub beam) is attached at the center of the beam. Figure 3-1(c) details the
joint between the beam and the lateral bracing, as shown in Figure 3-1(b). The equation for the elastic lateral buckling
load is given in Equation (3-1). In Equation (3-1), El,: bending stiffness of the beam around the weak axis, EI,:
bending torsional stiffness of the beam, GJr: torsional stiffness of the beam, /;: length between lateral bracings, C:
moment modification factor.

4 2
Mo —C \/;z EII:EIW 7 EngJT (3-1)
b b

Answer the following questions. (40 marks)

(1) G-DRUTBTD/— FNOF—IHEH T, ZPORJEIRICIT D ED X 5 RBIRITKT DMlE %
At &,
Explain how the stiffnesses represented by the first and second terms inside the square root in Equation (3-1) are

related to the phenomenon of lateral buckling of the beam.

2) G-DRUTBT H/L— FNDOFHOALZE Y H LU TRRT 2 2 LT, Eifi 7 7 > 2o i T 7 E
KERDZ & amy,
Describe how Equation (3-1) can be converted to the flexural buckling load equation for a compression flange

by isolating and expanding only the first term within the square root.

(3) X 3-1(a), WIHERTH2ROITE—A L MRS R T & & b, BEEENRKE 725
firrt, 2O, L7700, T770V0lb0RK0RERBIRER L RD0ERT L,
2L, SAMEICE DT E— A FORKEIL, i TAELLIHITE—AL FPORKELY /NS
WHDET D,

Briefly illustrate the bending moment distribution for the beam shown in Figs. 3-1(a) and (b), and identify the

point where the buckling deformation becomes greatest. In this context, determine which flange—namely the

-4



top or bottom—experiences greater buckling deformation. Additionally, ensure that the maximum bending

moment caused by the distributed load is less than the maximum bending moment occurring at the beam ends.

(4) ¥ 3-1(a) & bl LT 3-1(b) TlE, BMEREEE— A MR ED L DI T 50, B-HXEHNT
A
Explain how the elastic buckling moment changes in Figure 3-1(b) compared to Figure 3-1(a), using Equation

(3-1).

(5) ¥ 3-1(b)IZART & D ITHEMIIAIES & U TNERRBIZERD < & &, Z0HEZK 3-1(c)é Lz, 2D
KRG L/NEOREL LOEE T (V27 RV MER) &8l ziR~< X,
When a lateral bracing beam is attached to a large beam as shown in Figure 3-1(b), the joint configuration is
detailed in Figure 3-1(c). In this context, explain the rationale for adopting this arrangement for the main beam

and the bracing beam, as well as the choice of the web bolt joint method.

(6) X 3-1(b)F L UNc) D& ORI DR EH 7 #H 4 IR X
Briefly explain the design policy for the lateral buckling bracings as illustrated in Figure 3-1(b) and (c).

8 3-2 WoOMICE AL, (15 5)
Question 3-2  Answer the following questions. (15 marks)
() ROGFED 5 B, FAEFREED @ IRICIE~ L,
SN400, SA440, SM490, BCP295
List the following steel grades in order of their design strength, from highest to lowest.
SN400, SA440, SM490, BCP295
(2) SN#IZIZ, ABC OHIFEDNH D, TNENORE & @& RICR~ X,
Japanese steel grade “SN” is classified into A, B, and C grades. Briefly explain the characteristics and

applications of each grade.
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(a) I-shaped beam without lateral bracing (b) I-shaped beam with lateral bracings
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(c) Cross-section and joint details

Figure 3-1 Lateral buckling of I-shaped beam subjected to distributed load and bending moment
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Question 4  Answer the following questions on reinforced concrete structures  (Subtotal 55 marks)

fElRE 4-1 (35 .45)

Question 4-1 (35 marks)

Bl 4-1 IR LD ICEF 27 Y — FEDHE A, H B, 1 C OTEEIIAKEHE P & SNEMTE N AEH L

TWo, HEOWHIIX 42 DLEBY THY, TAMHRAG L 27 U — MIT_XTORETHETH S,

Horizontal load P and vertical load N are working to reinforced concrete (RC) column A, column B and column C

as shown in Fig. 4-1. Column sections are shown in Fig. 4-2. The same lateral reinforcement and concrete are used

in all the columns.

(1) HEDFHPEDRFDOTRFR DR VLN, Fp, Sc DA RDIL SV,

Calculate the ratio of horizontal displacement in elastic state at the top of columns, d4, o and Jc.

@ A, B, HECoOHFT, TANMEST S AREENSEWIEEZBEB L & BIZHH LS, Fi,
T AWHE A IET 2720 O R EHHHA L2 S0,

Explain the order in which column A, column B and column C are most likely to fail in shear, together with the
reasons. Also explain the measures taken to prevent shear failure.

(3) KM P SEINT B & &, M A, HEB, #:C OKEFE P EALEHD KBNS OREGRD 7T 7 %
EERIV, ZF7 73 TIVR, FOUERA, RO, #iTRREOME, ZIFOR/NERK
MDD EIITHET DL &,

Draw horizontal load P— displacement o relationships of column A, column B and column C. The shape of the
curves can be approximated in such a way that the differences in load and displacement at the cracking and

flexural yielding points are clearly understood.

§§§§§§§§§§§§§§§§§§§g§§§ﬁ E;£®%; ;;ij%ﬁ



fiRE 4-2 (20 =)

Question 4-2 (20 marks)

(1) ¥ 43 (TR TEIICEFEDOa L7 ) — MIEAWISHEDMEA LTS & &, OUERIL 45°
DFENFAT D, a7 V— FEIRBEZ &7 5 &, OUEINBEEROTEAWIEE r.=f & 72
HZEHHBA LRI,

When the square concrete is subjected to shear stress 7as shown in Figure 4-3, crack occurs in the 45° direction.

Explain that the shear cracking stress 7. = concrete tensile strength f;.
Q) X 4-4 IZRTEHICEFEO a7V — MIEAWRIEE s & Y FOEREG I E o AER LT
éoU@%ﬂ%$ﬁ®ﬁh%$ﬁEm;ﬁ1+%&@5:&%%%Lﬁéwo
t

When the square concrete is subjected to shear stress 7 and compressive stress oin Y direction as shown in

Figure 4-4. Explain that the shear cracking stress z..=f; [1 + %
t

|
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Figure 4-3 Figure 4-4
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Question 5 Answer the following questions about vibration of structures. (Total 35 marks)

2EEMZN5-1 DX 2 ARRICER LT VORI ZEZ D1 HE,
2 BOEREZNEI my,my, AKTRIMEZ k. k, HHEREREE ¢, 0,
Wi\ % B AT % 2y, 1y, BAICHDBIANE PP, T 5, UTFD
& A RS,

Consider the vibration state of two degree-of-freedom (DOF) system shown in Fig.

5-1, which is obtained by modeling a two-story building. Letting the 1st and 2nd

story masses be m, and m,, the horizontal stiffnesses be k; and k,, the viscous
damping coefficients be ¢, and c,, the horizontal displacements relative to the

ground surface be z; and z,, the horizontal forces applied to the masses be P,

and P,, respectively. Answer the following questions. ‘Ct@i%
Ground Surface

() BRFOHOHYEWAIG-DATEREND, 22T & 3EhTh 51 2ERGRET NV
ALz OFFRICEY 2 1 LD 2 BEy 2K, EEITHI M, WIVET Fig. 5-1 2 DOF model
B K, FMEBEEITEI C & my, ky, e, my, kyycy D9 BT S O % U
TThThESRYE,
The equation of motion (equilibrium of forces) of the system is represented as equation (5-1), where = and &
are 1st and 2nd derivative of displacement x with respect to time. Represent the mass matrix M, the stiffness
matrix K, and the viscous damping matrix C, respectively, by using necessary terms
from my, ki, ¢;,my, kg, Cy.

mphrefufex{o}={a} o

(2) & AR s s g z, OHDMEM L7l 5-1) 4 i P P, ZZy,my,ky, ey My, by, cg O
D HMER L DEHNWTENENFE R,
When only the ground acceleration Z; is applied to the system, represent the external force terms P, and P,
in equation (5-1), respectively, by using necessary terms from 2, my, ki, ¢y, my, ko, Cy.

3) m; =m,=1x10° (kg), k; = 600 x 10° (N/m), k, =400 x 10° (N/m), ¢, =c, =0 D& X, 1 K&
2 WOEA MIREE 2 Z L EhsRd &,
When m; =m, =1 x 10° (kg), k, = 600 x 10° (N/m), k, = 400 x 10° (N/m), ¢, = ¢, = 0, determine
the 1st and 2nd natural circular frequencies, respectively.

4 GUTBNT, 1KRE 2ROEAET— N2 1BICHT D 2 BO/MSHRIEL & LTEhEhko &,

Under the condition of (3), determine the 1st and 2nd eigen modes, respectively, as amplitude ratios of the 2nd

story relative to the 1st story with plus/minus sign.



(5) ky /NELL, ¢ ZRELT D EEBUBEDOREIET ML, MRS & SEHEREED D
IREVFFEDENZHH L2 SV, BERLIEIHZHWVTH R,
By decreasing k; and increasing c,, the system vibration characteristics become similar to that of
base-isolated system. Explain the difference of vibration characteristics between conventional building and

base-isolated building. Draw diagrams if necessary.

-10 -
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Question 6  Answer the following questions regarding building disaster prevention engineering.

(Subtotal 35 marks)

(1) NE#ERE) & ThEEE OFBEAY v b, AU FEFHHLZIVY, (15 /)
Explain the characteristics, advantages and disadvantages of the spread foundation and the pile

foundation. (15 marks)

(2) FELEEDRIZERIT HHEA Y v FOEENZOWTHHALZ2S VY, (10 /)

Explain the function of structural slits between columns and walls. (10 marks)

(3) ZULIL RIS DREEPTE RS OB ERZ 5 DB XSV, (10 )
Answer 5 points to consider when managing an evacuation center in a multicultural society. (10

marks)

-11 -



